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I. Introduct ion:  t h e  economic concept of "supply" 

t i o n  of some d i s t i n c t i v e  c h a r a c t e r i s t i c s  of t h e  industry--and some equal ly  d i s t i n c -  
t i v e  governmental p r a c t i c e s  wi th  r e s p e c t  t o  i t - - r e a d i l y  sugges ts .  The complete 
product ion cyc le ,  from i n i t i a l  explora t ion  t o  exhaust ion o f  depos i t s ,  is very long-- 
of ten  f i f t y  y e a r s  o r  more. Explora t ion  and development, e s p e c i a l l y  t h e  former, a r e  
charac te r ized  by g r e a t  u n c e r t a i n t y  a s  t o  r e s u l t s .  Absent r e g u l a t i o n ,  expected f u t u r e  
p r i c e s  and c o s t s  a r e  a major in f luence  on cur ren t  r a t e s  of e x t r a c t i o n  from developed 
r e s e r v o i r s .  Ownership of e x t r a c t e d  o i l  and gas  i n  t h e  United S t a t e s  i s  governed 
b a s i c a l l y  by the " r u l e  of capture , ' '  which, wi th  mul t ip le  i n t e r e s t s  i n  a common r e s e r -  
v o i r ,  encourages r a p i d  e x p 1 o i t a t i o n ; l  y e t  u l t i m a t e  recovery from a n  o i l  r e s e r v o i r  
i s  inverse ly  r e l a t e d  t o  t h e  r a p i d i t y  of e x p l o i t a t i o n .  Largely f o r  t h i s  reason, o i l  
wel l  d e n s i t i e s  and r a t e s  o f  e x t r a c t i o n  a r e  regula ted  under conservat ion s t a t u t e s  
i n  most producing s t a t e s .  O i l  and g a s  a r e  j o i n t  products  and, t o  a l i m i t e d  degree, 
mutually competi t ive products .  Apparently t o  provide r e l a t i v e  encouragement t o  
o i l  and gas  product ion,  income from t h e s e  minerals  i s  accorded d i f f e r e n t i a l l y  low 
f e d e r a l  t a x  r a t e s  by means of  s p e c i a l  d e p l e t i o n  and o t h e r  allowances. O i l  imports 
i n t o  t h e  United S t a t e s  a r e  l i m i t e d  by a quota system. The wellhead p r i c e  of n a t u r a l  
gas  des t ined  f o r  i n t e r s t a t e  t ransmiss ion  i s  subjec t  t o  f e d e r a l  r e g u l a t i o n ,  but  
t h e r e  i s  no d i r e c t  r e g u l a t i o n  of crude o i l  p r i c e s  a t  any governmental l e v e l .  

n a t i o n a l  a s p e c t s  o f  o i l  and g a s  supply. It is  necessary t o  confine t h e  d iscuss ion  
t o  t h e  domestic scene, and even then t o  proceed a t  a r e l a t i v e l y  high l e v e l  of 
a b s t r a c t i o n .  It is  a l l  t h e  more e s s e n t i a l ,  t h e r e f o r e ,  t h a t  t h e  concept of supply 
employed be q u i t e  c l e a r  from t h e  o u t s e t .  

"Supply" i s  a f u n c t i o n a l  economic concept developed e x p l i c i t l y  f o r  use i n  t h e  
a n a l y s i s  o f  r e l a t i v e  p r i c e s  and t h e  a s s o c i a t e d  a l l o c a t i o n  of product ive  resources  
among competing uses .  Funct iona l ly  conceived, supply i s  not  a g iven  s tock o r  r a t e  
of output of a good, but  r a t h e r  is  a schedule of a l t e r n a t i v e  q u a n t i t i e s  of a good 
t h a t  would be o f f e r e d  f o r  s a l e  during a s p e c i f i e d  t ime a t  v a r i o u s  a l t e r n a t i v e  p r i c e s .  
For reasons t o  be made c l e a r  below, t h e  q u a n t i t i e s  i n  t h e  supply schedule  a r e  near ly  
always p o s i t i v e l y  r e l a t e d  t o  p r i c e .  
of a l t e r n a t i v e  q u a n t i t i e s  of a good t h a t  would be purchased during a s p e c i f i e d  time 
a t  var ious  a l t e r n a t i v e  p r i c e s  ( t h e  q u a n t i t i e s  being negat ive ly  r e l a t e d  t o  p r i c e ) .  
Supply and demand s o  conceived i n d i c a t e  f o r  each good and time per iod  a unique mar- 
k e t - c l e a r i n g  p r i c e ,  hence t h e  volume of s a l e s  t h a t  t ends  t o  be e f f e c t e d .  Given de-  
mand, an increase  i n  supply, i. e., an increase  i n  t h e  q u a n t i t y  of fe red  a t  each 
p r i c e ,  decreases  t h e  markef-clear ing p r i c e  and increases  t h e  volume of s a l e s .  A 
decrease i n  supply has  the  opposi te  e f f e c t ,  of course.  

a g iven  p r i c e  depends i n  some sense  upon t h e  c o s t s  of making u n i t s  of t h e  good a v a i l -  
a b l e  f o r  s a l e .  I n  markets where t h e r e  a r e  many a c t u a l  and p o t e n t i a l  s e l l e r s ,  s o  
t h a t  no one can s i g n i f i c a n t l y  a f f e c t  t h e  p r i c e  through h is  s e p a r a t e  o f f e r s ,  it i s  
i n  t h e  i n t e r e s t  of any s e l l e r  t o  o f f e r  a u n i t  whenever t h e  necessary increment t o  
h i s  t o t a l  c o s t s  i s  l e s s  than t h e  pr ice .*  It fol lows that  t h e  q u a n t i t y  of fe red  by 
a l l  s e l l e r s  taken t o g e t h e r  i s  pushed t o  t h e  poin t  where t h e  incremental  c o s t  of t h e  
l a s t  u n i t - - t h e  marginal c o s t - - f o r  each s e l l e r  i s  equal  t o  t h e  p r i c e .  Thus, supply 

The determinants  of o i l  and g a s  supply a r e  extremely complex, a s  mere r e c i t a -  

Within t h e  l imi t s  of t h i s  s h o r t  paper i t  i s  impossible t o  d e a l  wi th  t h e  i n t e r -  

The companion concept i s  "demand": a schedule  

It should be r e a d i l y  apparent  t h a t  the  q u a n t i t y  of a good o f f e r e d  for  s a l e  a t  
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i s  a f u n c t i o n  o f  marginal c o s t s  a t  a l t e r n a t i v e  l e v e l s  of  ou tput .  
s t a t e  of technology and over t h e  u s u a l l y  re levant  range of ou tput ,  marginal c o s t s  
tend t o  r i s e  with i n c r e a s i n g  q u a n t i t i e s  of fe red  f o r  s a l e .  This  r e s u l t s  from dimin- 
i s h i n g  marginal p r o d u c t i v i t y  of v a r i a b l e  inputs  and t h e  progress ive  addi t ion  of 
h igher -cos t  f a c i l i t i e s  t o  make i n c r e a s i n g  q u a n t i t i e s  a v a i l a b l e .  Consequently, with 
a g iven  s ta te  of technology, i t  i s  only a t  i n c r e a s i n g  p r i c e s  t h a t  increas ing  q u a n t i -  
t i e s  a r e  o f f e r e d  f o r  s a l e .  T h i s  i s  t h e  reason why i n  t h e  s h o r t  run  an increase  i n  
demand normally increases  t h e  market-clear ing p r i c e .  

The e l a s t i c i t y  o f  supply i s  a measure of t h e  degree t o  which q u a n t i t i e s  of fe red  
f o r  s a l e  respond t o  a change i n  p r i c e .  If t h e  response i s  small (supply i n e l a s t i c ) ,  
then a given change i n  demand causes  a r e l a t i v e l y  l a r g e  change i n  t h e  market- 
c l e a r i n g  p r i c e  and a r e l a t i v e l y  small change i n  t h e  volume of s a l e s  e f fec ted .  If 
the response i s  l a r g e  (supply e l a s t i c ) ,  then  t h e  r e l a t i v e  e f f e c t s  on p r i c e  and s a l e s  
volume a r e  reversed ,  

fundamental determinant of supply i n  any indus t ry .  A t echnologica l  change which r e -  
duces marginal c o s t s  a t  a l l  l e v e l s  of output  i n c r e a s e s  t h e  q u a n t i t y  of fe red  f o r  
s a l e  a t  any g iven  p r i c e ;  t h a t  is t o  say,  i t  increases  supply a s  def ined.  Given de-  
mand, such technologica l  change decreases  t h e  market-clear ing p r i c e  and increases  
t h e  volume o f  s a l e s  e f f e c t e d .  Technological  progress  thus  l i m i t s  t h e  increases  i n  
p r i c e  necessary t o  induce i n c r e a s i n g  q u a n t i t i e s  of output over t ime;  i f  rap id  enough, 
it can permit  increas ing  q u a n t i t i e s  of output over time a t  decreasing p r i c e s .  

Quite  a s i d e  from technologica l  change, t h e  c h a r a c t e r i s t i c s  of supply i n  any 
i n d u s t r y  depend upon t h e  time per iod  s p e c i f i e d  a s  r e l e v a n t  t o  a given market problem. 
Since supply i s  a func t ion  of marginal  cos ts ,  def ined a s  t h e  increments t o  t o t a l  
c o s t s  necessary t o  add s u c c e s s i v e  u n i t s  t o  t h e  q u a n t i t y  a v a i l a b l e  f o r  s a l e ,  supply 
depends upon t h e  types of c o s t s  t h a t  a r e  v a r i a b l e  during t h e  s p e c i f i e d  per iod.  I n  
r e l a t i v e l y  s h o r t  per iods,  dur ing  which product ive f a c i l i t i e s  and r e l a t e d  expenses 
may be regarded as f ixed,  only u s e r  c o s t s 3  and such d i r e c t  c o s t s  as labor  and mate- 
r i a l s  a r e  v a r i a b l e .  Within t h e  t e c h n i c a l  capac i ty  of t h e  i n s t a l l e d  f a c i l i t i e s ,  
t h e r e f o r e ,  only such u s e r  and d i r e c t  c o s t s  l i m i t  t h e  d i f f e r e n t  q u a n t i t i e s  o f  p ro-  
duct made a v a i l a b l e  fo r  sale a t  d i f f e r e n t  p r i c e s .  Supply tends  t o  be r e l a t i v e l y  
i n e l a s t i c ;  and i f  demand i s  s u f f i c i e n t l y  depressed, s a l e s  may w i l l i n g l y  be made a t  
p r i c e s  below f u l l  c o s t s  p e r  u n i t .  I n  t h e  long run, however, a l l  c o s t s  a r e  v a r i a b l e - -  
inc luding  the c o s t s  o f  r e p l a c i n g  and adding t o  f a c i l i t i e s .  Consequently, it i s  
t o t a l  c o s t s  t h a t  l i m i t  the q u a n t i t i e s  made a v a i l a b l e  f o r  s a l e  a t  d i f f e r e n t  p r i c e s  
i n  the l o n g  run.  
run  supply, and t h e  long-run market-clear ing p r i c e  always covers f u l l  c o s t s  p e r  u n i t .  

Following a b r i e f  g e n e r a l  d e s c r i p t i o n  of t h e  o i l  and g a s  product ion cycle ,  we 
s h a l l  cons ider  t h e  c h a r a c t e r i s t i c s  of supply--and t h e i r  i m p l i c a t i o n s - - i n  t h e  d e c i -  
s i o n  p e r i o d s  corresponding t o  d i f f e r e n t  phases of that  cycle .  

With a given 

A s  suggested by a q u a l i f y i n g  phrase  used above, t h e  s t a t e  of technology i s  a 

Long-run supply  tends  t o  be s u b s t a n t i a l l y  more e l a s t i c  than s h o r t -  

11. The o i l  and g a s  product ion c y c l e  
O i l  and g a s  a r e  found i n  underground formations of porous rock surrounded by 

impervious m a t e r i a l s  t h a t  t r a p  t h e  migratory minerals  and confine them under p r e s -  
sure .  Rela t ive  t o  the  t o t a l  volume of e a r t h  down t o  t h e  depths  now access ib le  t o  
dri l lers,  o i l  and gas  bear ing  formations a r e  n e i t h e r  l a r g e  nor  densely d i s t r i b u t e d ,  
even i n  those  major sedimentary b a s i n s  where they a r e  most concentrated.  Bearing 
formations vary widely i n  s i z e ,  depth, poros i ty ,  p ressure  and o t h e r  economically 
r e l e v a n t  c h a r a c t e r i s t i c s .  The s p e c i f i c  q u a l i t i e s  o f  t h e  minerals  themselves a l s o  
vary widely. Some gas i s  u s u a l l y  found present  with o i l ,  e i t h e r  as a "cap" o r  
d i sso lved  i n  t h e  o i l .  In  such cases ,  t h e  pressur ized  gas  i s  a va luable  a i d  i n  
f o r c i n g  o i l  through t h e  porous rock and i n t o  well bores .  Gas a l s o  i s  o f t e n  found 
a lone  o r  without  s i g n i f i c a n t  a s s o c i a t i o n  with o i l .  The degree and n a t u r e  of t h e  
g a s - o i l  a s s o c i a t i o n  a r e  not  p r e c i s e l y  p r e d i c t a b l e  i n  advance of a c t u a l  discovery 
i n  p a r t i c u l a r  formations.  
primary objec t  of search i s  o i l .  

Even nonassociated gas  i s  most o f t e n  found when t h e  
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The explora t ion  phase of t h e  o i l  and g a s  product ion c y c l e  begins  with geologi -  
c a l  surveys t o  i d e n t i f y  g e n e r a l l y  promising a r e a s  f o r  more i n t e n s i v e  i n v e s t i g a t i o n .  
These a r e  followed by l e a s e  a c q u i s i t i o n s ,  which are more o r  less expensive depend- 
ing upon t h e  supposed q u a l i t y  of t h e  underlying prospec ts  and t h e  degree of compe- 
t i t i o n  among i n t e r e s t e d  p a r t i e s .  
by seismographic a n a l y s i s ,  t o  l o c a t e  beneath t h e  sur face  s p e c i f i c  geologica l  forma- 
t i o n s  capable of t rapping  o i l  and gas .  I f  these t e s t s  y i e l d  poor r e s u l t s ,  l e a s e s  
may b e  abandoned without  d r i l l i n g ;  i f  they y i e l d  good r e s u l t s ,  explora t ion  i s  com- 
p l e t e d  with t h e  d r i l l i n g  of one o r  more wells t o  t h e  t a r g e t  formation.  The uncer-  
t a i n t y  remaining a f t e r  t h e  t y p i c a l  amount of p r e d r i l l i n g  e x p l o r a t i o n  i s  ind ica ted  
by t h e  f a c t  t h a t  about nine out  of t e n  explora tory  w e l l s  a r e  d r y .  

The development phase o f  t h e  o i l  and g a s  product ion cyc le  begins  with a d i s -  
covery t h a t  i s  evaluated a s  worth t h e  a d d i t i o n a l  investment requi red  t o  put  i t  i n t o  
product ion.  Development c o n s i s t s  of d r i l l i n g  a p p r o p r i a t e l y  spaced wel l s  t o  t h e  
bear ing formation and equipping t h e s e  wel l s  w i t h  flow r e g u l a t o r s ,  pumps, s torage  
tanks and g a t h e r i n g  p i p e l i n e s .  
exact  l i m i t a t i o n s  of t h e  producing formation and t h e  opera t ing  c h a r a c t e r i s t i c s - -  
p ressure ,  poros i ty ,  e tc . - -of  t h e  r e s e r v o i r .  When development i s  completed, dry 
h o l e s  mark t h e  l imi t s  o f  t h e  r e s e r v o i r  a s  well a s  anomalies w i t h i n  i t .  Some wel l s  
may be  d r i l l e d  f o r  purposes of r e i n j e c t i n g  g a s  o r  water  and thereby maintaining 
r e s e r v o i r  pressure .  

investments corresponding t o  p l a n t  and equipment expendi tures  i n  o t h e r  i n d u s t r i e s .  
I n  r e c e n t  years ,  domestic explora t ion  and development out lays  of t h e  indus t ry  have 
exceeded $4 b i l l i o n  annual ly .  Explora t ion  accounts  f o r  about 40 percent  o f  t h e  t o t a l ,  
development f o r  t h e  remaining 60 percent  .5 

The f i n a l  phase of t h e  product ion cycle  i s  e x t r a c t i o n .  A s  a process ,  it i s  
e s s e n t i a l l y  continuous and l a r g e l y  automatic, t h e  e x t r a c t i v e  f o r c e  being pressure  
d i f f e r e n t i a l  suppl ied  e i t h e r  n a t u r a l l y  o r  by means of pumps. Consequently, e x t r a c -  
t i o n  c o s t s  t y p i c a l l y  are small i n  r e l a t i o n  t o  explora t ion  and development c o s t s .  
Put another  way, the g r e a t  bulk of t h e  charges t o  c u r r e n t  income from e x t r a c t i o n  a r e  
i n d i r e c t  (and f i x e d )  c o s t s  a s s o c i a t e d  wi th  explora tory  and developmental c a p i t a l  ou t -  
l a y s .  Even t h e  labor  c o s t s  of opera t ing  a r e s e r v o i r ,  c h i e f l y  f o r  record-keeping and 
f o r  genera l  superv is ion  and maintenance of t h e  w e l l s  and t h e i r  equipment, a r e  i n  t h e  
main f ixed  over a wide range of  output .  Other t h a n  u s e r  c o s t s ,  t h e  p r i n c i p a l  
v a r i a b l e  c o s t s  a r e  f u e l  c o s t s  and severance taxes .  
111. Supply i n  var ious  d e c i s i o n  per iods  

per iods .  We begin w i t h  t h e  s h o r t e s t  per iod ,  corresponding t o  t h e  e x t r a c t i o n  phase, 
i n  which only a few c o s t s  a r e  v a r i a b l e ,  and proceed i n  two s t e p s  t o  t h e  longest  
per iod,  corresponding t o  t h e  e x p l o r a t i o n  phase, i n  which a l l  c o s t s  a r e  v a r i a b l e .  A t  
each s t e p  i n  t h e  a n a l y s i s  w e  s h a l l  a t tempt  t o  i n d i c a t e  t h e  supply c h a r a c t e r i s t i c s  
t h a t  help expla in  t h e  l a r g e  e x t e n t  of governmental i n t e r f e r e n c e  with th i s  indus t ry .  

Assume i n  opera t ion  a given number 
of o i l  and gas  r e s e r v o i r s  of s p e c i f i e d  q u a l i t y ,  t h e s e  being t h e  r e s u l t  of p a s t  ex-  
p l o r a t o r y  and developmental e f f o r t .  (The c o s t s  of such e f f o r t  a r e  sunk, of course.) 
A t  f i r s t ,  assume each r e s e r v o i r  t o  be operated by a number o f  competi t ive producers, 
without mutual agreement o r  p u b l i c  r e g u l a t i o n .  The dec is ion  before  t h e  severa l  
opera tors  i s  t h e  r a t e  o f  e x t r a c t i o n  from each p r o p e r t y  a t  any p o i n t  i n  time--and, 
by impl ica t ion ,  t h e  t i m e - d i s t r i b u t i o n  of t o t a l  recovery from each r e s e r v o i r  over i t s  
opera t ing  l i f e .  

time push t h e  r a t e  of e x t r a c t i o n  from h i s  property t o  t h e  p o i n t  were marginal 
cos t - - the  increment t o  t o t a l  c o s t s  r e s u l t i n g  from t h e  l a s t  u n i t  ex t rac ted- -equals  
t h e  going p r i c e .  

The next  s t e p  i s  geophysical  t e ~ t i n g , ~  such as 

The process  i n c i d e n t a l l y  involves  discovery of t h e  

Outlays on explora t ion  and development i n  t h e  o i l  and g a s  i n d u s t r y  a r e  c a p i t a l  

We now cons ider  t h e  determinants  of o i l  and gas  supply i n  d i f f e r e n t  dec is ion  

A. Supply i n  t h e  e x t r a c t i o n  d e c i s i o n  per iod .  

In t h e  i n t e r e s t  of maximizing h i s  income, each opera tor  w i l l  a t  every point  i n  

The r e l e v a n t  marginal c o s t  i s  t h e  sum of two components: marginal 

J 

, 
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d i r e c t  c o s t  and marginal u s e r  c o s t .  Marginal u s e r  c o s t  f o r  t h e  i n d i v i d u a l  competi- 
t i v e  opera tor  i s ,  i n  t u r n ,  the sum of t h r e e  components: marginal u s e r  c o s t  of 
t iming,  mar i n a l  user  c o s t  of nonrecovery, and marginal u s e r  c o s t  of compet i t ive 

Marginal u s e r  cos t  of t i m i n g  i s  t h e  discounted p r e s e n t  va lue  of  t h e  net  r e -  
e x t r a c t i o n .  i? 

c e i p t s  ( g r o s s  r e c e i p t s  l e s s  d i r e c t  c o s t s )  s a c r i f i c e d  i n  f u t u r e  by e x t r a c t i n g  a 
u n i t  now t h a t  might have been e x t r a c t e d  a t  a later time. Given t h e  t o t a l  recover-  
a b l e  o i l  and g a s  i n  a r e s e r v o i r ,  a u n i t  produced now i s  a u n i t  t h a t  cannot be pro-  
duced l a t e r ;  a c o s t  of producing a u n i t  now t h e r e f o r e  i s  t h e  p r e s e n t  va lue  of t h e  
f u t u r e  income consequently s a c r i f i c e d .  Marginal u s e r  c o s t  of nonrecovery stems 
from t h e  f a c t  t h a t ,  a t  l e a s t  beyond some c r i t i c a l  p o i n t ,  u l t i m a t e  recovery from a n  
o i l  r e s e r v o i r  i s  inverse ly  r e l a t e d  t o  t h e  r a t e  o f  e x t r a c t i o n  p e r  u n i t  of time. 
( I n  genera l ,  t h i s  is  not  t r u e  o f  nonassociated gas  r e s e r v o i r s . )  
c o s t  of nonrecovery i s  t h e  d iscounted  present  value of t h e  n e t  r e c e i p t s  s a c r i f i c e d  

Thus marginal u s e r  

i 

i n  f u t u r e  through a d d i t i o n a l  nonrecovery r e s u l t i n g  from a u n i t  e x t r a c t e d  now. 

t u r e .  
o i l  and gas  produced through wells l o c a t e d  e n t i r e l y  on h i s  proper ty ,  even though 

g i n a l  u s e r  c o s t  of compet i t ive e x t r a c t i o n  is t h e  p r e s e n t  v a l u e  o f  t h e  n e t  r e c e i p t s  
s a c r i f i c e d  t o  a neighbor as t h e  r e s u l t  of e x t r a c t i n g  a u n i t  now from onels  own prop- 
e r t y .  The c o s t  i s  negat ive,  of course .  A u n i t  e x t r a c t e d  now i s  a u n i t  t h a t  cannot 
be l o s t  t o  a neighbor; a u n i t  no t  ex t rac ted  now i s  a u n i t  p o t e n t i a l l y  l o s t  t o  a 
neighbor. 

t i o n  c o s t s .  The higher  a r e  expected f u t u r e  p r i c e s  and t h e  lower a r e  expected f u t u r e  
c o s t s  of e x t r a c t i o n ,  t h e  l a r g e r  i s  t h e  present  va lue  of f u t u r e  n e t  r e c e i p t s  s a c r i -  
f i c e d  by e x t r a c t i n g  a u n i t  now. Thus, f o r  i n s t a n c e ,  t h e  expec ta t ion  of rising 
p r i c e s  r a i s e s  t h e  marginal u s e r  c o s t s  of timing and of nonrecovery and reduces cur -  
r e n t  supply, whi le  the e x p e c t a t i o n  of f a l l i n g  p r i c e s  lowers t h e  marginal user c o s t s  
of t iming and of nonrecovery and i n c r e a s e s  c u r r e n t  supply. 

T o  r e p e a t ,  i t  maximizes t h e  i n d i v i d u a l  compet i t ive o p e r a t o r ' s  income i f  he 
pushes t h e  r a t e  of e x t r a c t i o n  from h i s  proper ty  t o  t h e  poin t  where marginal c o s t  
equals  p r i c e .  But t h e  n e g a t i v e  component o f  marginal u s e r  cost--marginal  u s e r  c o s t  
of compet i t ive e x t r a c t  ion  - -may e n t i r e l y  of f  set the p o s i t i v e  components --marginal 
u s e r  c o s t s  of timing and o f  nonrecovery. If so, t h e  r a t e  of e x t r a c t i o n  i s  pushed 
t o  t h e  p o i n t  where only marginal  d i r e c t  cos t  equals  p r i c e .  There a r e  two undes i rab le  
consequences of t h a t .  F i r s t ,  supply becomes q u i t e  i n e l a s t i c ,  even a t  very low pr ices .  
Consequently, p r i c e  is h i g h l y  u n s t a b l e  i n  response t o  f l u c t u a t i o n s  i n  demand ( a s  
over t h e  business  cyc le) .  
t i v e  e x t r a c t i o n  i s  a p u r e l y  a r t i f i c i a l  p r i v a t e  c o s t ,  e x t r a c t i o n  i s  pushed t o  t h e  
p o i n t  where t h e  a c t u a l  marginal  c o s t  of a l l  opera tors  exceeds t h e  p r i c e .  Thus, 
even i f  t h e  market-clear ing p r i c e  y i e l d s  a net income t o  opera tors  c o l l e c t i v e l y ,  
t h a t  income i s  not  maximized w i t h i n  t h e  c o n s t r a i n t s  of t h e  opportuni ty .  I n  e f f e c t ,  
wastes  a r e  imposed upon t h e  system of e x t r a c t i o n ,  t h e s e  t a k i n g  t h e  s p e c i f i c  forms 
of improper d i s t r i b u t i o n  of e x t r a c t i o n  i n  time and l o s s  of u l t i m a t e  recovery. 
These imposed wastes  reduce supply  from each r e s e r v o i r  over i t s  l i f e  a s  a whole. 

compet i t ive e x t r a c t i o n  from common r e s e r v o i r s .  The f irst ,  and i n  p r i n c i p l e  most 
s a t i s f a c t o r y  of these ,  i s  t o  o p e r a t e  each r e s e r v o i r  as a uni t ,  d i v i d i n g  t h e  pro-  
ceeds from e x t r a c t i o n  among t h e  v a r i o u s  leaseholders  on t h e  basis of some equi tab le  
formula. 
of compet i t ive e x t r a c t i o n  and a l lows  u n i t  managers, on behalf of a l l  l easeholders ,  
t o  make e x t r a c t i o n  dec is ions  on t h e  b a s i s  of a c t u a l  marginal c o s t s .  Marginal user  

Marginal u s e r  cos t  of compet i t ive  e x t r a c t i o n  i s  of a n  e n t i r e l y  d i f f e r e n t  na- 
It stems from t h e  " r u l e  o f  cap ture ,"  under which a n  opera tor  i s  e n t i t l e d  t o  

t h e  minera ls  may have migrated underground from adjo in ing  p r o p e r t i e s .  Thus, mar- f 
(4 

r 

Marginal u s e r  c o s t s  obviously depend upon expected f u t u r e  p r i c e s  and e x t r a c -  

Second, s i n c e  t h e  nega t ive  marginal u s e r  c o s t  of competi- 

There are two genera l  approaches t o  removing o r  l i m i t i n g  t h e  wastes caused by 

This  approach simply removes t h e  source o f  negat ive marginal u s e r  c o s t s  
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c o s t s  of t iming and of nonrecovery a r e  i n  e f f e c t  f r e e d  t o  perform t h e i r  e x t r a c t i o n -  
l i m i t i n g  f u n c t i o n  a t  any poin t  i n  t i m e ,  p a r t i c u l a r l y  when c u r r e n t  p r i c e s  tend t o  
f a l l  r e l a t i v e  t o  expected f u t u r e  p r i c e s .  Supply consequently i s  more e l a s t i c  than 
under f r e e  competi t ive e x t r a c t i o n .  A l l  producing s t a t e s  permit  and even encourage 
voluntary  u n i t i z a t i o n  agreements, but only a few--and t h o s e  n o t  t h e  p r i n c i p a l  p r o -  
ducing s t a t e s - - p r o v i d e  any compulsion i n  u n i t i z i n g  o i l  and g a s  r e s e r v o i r s .  

t o  r e g u l a t e  product ion d i r e c t l y ,  a s s i g n i n g  product ion quotas  by w e l l s  t o  l e a s e -  
ho lders .  The t o t a l  a l lowable  product ion t y p i c a l l y  i s  l i m i t e d  by -the smaller  of 
( a )  t h e  sum of t h e  r e s e r v o i r  e x t r a c t i o n  r a t e s  c o n s i s t e n t  with near-maximum u l t i m a t e  
recovery o r  ( b )  t h e  t o t a l  q u a n t i t y  demanded at  t h e  going p r i c e ,  whatever t h a t  may 
be.7 Well quotas a r e  based on r e l a t i v e l y  i n f l e x i b l e  formulas i n  which wel l  d e n s i t y  
and depth a r e  t h e  usual  arguments. The quota  formulas u s u a l l y  encourage dense well 
d r i l l i n g  t o  maximize leasehold  al lowables ,  so it i s  necessary t o  r e g u l a t e  w e l l -  
spacing a l s o .  This  approach looks  not  t o  removing t h e  source of negat ive  marginal 
user  c o s t s  of compet i t ive e x t r a c t i o n ,  but r a t h e r  t o  c o n t r o l l i n g  o p e r a t o r s '  r e s -  
ponses t o  such c o s t s  by means of d e t a i l e d  r e g u l a t i o n .  The a d m i n i s t r a t i v e  neces-  
s i t y  o f  r e l y i n g  upon formulas prevents  t h e  f l e x i b l e  adjustment of marginal c o s t  t o  
p r i c e  requi red  f o r  continuous income maximization. The system g e n e r a l l y  e l imina tes  
wastes of nonrecovery, bu t  s t u d e n t s  f t h e  i n d u s t r y  a r e  agreed t h a t  it s t imula tes  
excessive d r i l l i n g  and overcapaci ty .8  The wastes i t  permits ,  whi le  f a r  l e s s  than  
those  of f r e e  competi t ive e x t r a c t i o n ,  s i g n i f i c a n t l y  reduce supply from each r e s e r -  
v o i r  over i t s  l i f e  a s  a whole. 

I n  t h e  e x t r a c t i o n  d e c i s i o n  per iod ,  t h e  s p e c i a l  income t a x  allowances f o r  o i l  
and g a s  have l i t t l e  o r  no e f f e c t  on supply under e i t h e r  u n i t i z a t i o n  o r  r e g u l a t i o n  
approaching t h e  condi t ions  o f  u n i t i z a t i o n .  The reason i s  t h a t  t h e  allowances have 
roughly o f f s e t t i n g  e f f e c t s  on c u r r e n t  ne t  r e c e i p t s  and marginal  u s e r  c o s t s .  Under 
f r e e  competi t ive e x t r a c t i o n ,  with marginal u s e r  c o s t s  depressed perhaps t o  zero  
because of t h e  nega t ive  component i n  them, the s p e c i a l  a l lowances encourage exces-  
s l v e l y  r a p i d  e x p l o i t a t i o n  and reduce supply f r o m  each r e s e r v o i r  over i ts  l i f e  as  
a whole. 

Assume now a g iven  number of  
undeveloped o i l  and g a s  d i s c o v e r i e s  of s p e c i f i e d  q u a l i t y ,  t h e s e  being t h e  r e s u l t  of 
p a s t  explora tory  e f f o r t .  (The costs of t h e  explora tory  e f f o r t  a r e  sunk, of course.)  
The d e c i s i o n  before  t h e  severa l  opera tors  i s  t h e  r a t e  of investment i n  development 
w e l l s  and equipment w i t h  a view t o  making new e x t r a c t i v e  c a p a c i t y  a v a i l a b l e .  I n  
e f f e c t ,  t h e  d e c i s i o n  determines t h e  supply of developed r e s e r v o i r s ,  which supply 
becomes t h e  p r i n c i p a l  b a s i s  of o i l  and gas  supply i n  t h e  e x t r a c t i o n  dec is ion  per iod .  

Again w i t h  a view t o  maximizing h i s  income ( o r  r a t h e r  t h e  p r e s e n t  worth of i t ) ,  
each opera tor  w i l l  push development investment t o  t h e  p o i n t  where t h e  present  value 
of t h e  expected increment t o  n e t  r e c e i p t s  from t h e  l a s t  investment i s  j u s t  equal  
t o  t h e  a s s o c i a t e d  increment t o  t o t a l  investment ou t lays .  I n  forming es t imates  of 
incremental  net  r e c e i p t s ,  t h e  opera tor  must cons ider  t o t a l  recoverable  o i l  and gas  
i n  each r e s e r v o i r ,  t h e  n a t u r e  o f  t h e  g a s - o i l  combination, t h e  probable  t i m e - d i s t r i -  
bu t ion  of recovery, t h e  a s s o c i a t e d  degree of avoidable  nonrecovery, and t h e  probable  
time-path of p r i c e s  and e x t r a c t i o n  c o s t s  over t h e  opera t ing  l i f e  o f  t h e  r e s e r v o i r .  
The necessary increment t o  t o t a l  investment o u t l a y s  i s  a f f e c t e d  by depth and s i m i l a r  
in f luences  on d r i l l i n g  c o s t s ,  a c c e s s i b i l i t y  o f  d r i l l i n g  s i t e s ,  and t h e  number Of  

w e l l s  c o n s i s t e n t  wi th  t h e  probable t i m e - d i s t r i b u t i o n  of recovery.  

p r i c e s ,  t h e  lower t h e  q u a l i t y  of discovery it  is economical t o  develop. Thus, t h e  
e l a s t i c i t y  of supply i n  t h e  development d e c i s i o n  per iod  r e f l e c t s  t h e  q u a l i t a t i v e  
d i s t r i b u t i o n  of d i s c o v e r i e s  made through explora t ion .  No d iscovery  w i l l  be deve l -  
oped unless  the  expected p r i c e  w i l l  cover expected e x t r a c t i o n  c o s t s  p l u s  development 

The o ther  approach--the one almost u n i v e r s a l l y  used i n  the United S t a t e s - - i s  

B. 1. 

Other f a c t o r s  being t h e  same, t h e  h igher  t h e  expected l e v e l  of o i l  and gas  
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c o s t s ,  whi le  an a l ready  developed r e s e r v o i r  w i l l  be operated i f  t h e  p r i c e  covers 
no rrore than e x t r a c t i o n  c o s t s .  Consequently, t h e  e l a s t i c i t y  o f  supply i n  t h e  
development dec is ion  per iod  i s  g r e a t e r  than t h a t  i n  t h e  e x t r a c t i o n  dec is ion  per iod .  

The genera l  l eve l  of supply- - the  s i z e  of t h e  q u a n t i t i e s  made a v a i l a b l e  a t  
d i f f e r e n t  p r i c e s - - i n  t h e  development d e c i s i o n  per iod  v a r i e s  d i r e c t l y  w i t h  t h e  e f f i -  
c iency of  e x t r a c t i o n  expected.  Under f r e e  competi t ive e x t r a c t i o n ,  avoidable  non- 
recovery of o i l  and gas  and t h e  number of w e l l s  each opera tor  must d r i l l  both a r e  
l a r g e  r e l a t i v e  t o  the s i t u a t i o n  under u n i t i z e d  opera t ion  of r e s e r v o i r s .  Conse- 
quent ly ,  given t h e  q u a l i t y  of d i s c o v e r i e s  a v a i l a b l e  f o r  development, t h e  number it 
i s  economical t o  develop a t  each expected p r i c e  l e v e l  is smal le r  under f r e e  com- 
p e t i t i v e  e x t r a c t i o n  than under u n i t i z a t i o n ;  which i s  t o  say, supply i s  smaller  under 
f r e e  competi t ive e x t r a c t i o n  t h a n  under u n i t i z a t i o n .  For similar reasons,  but t o  a 
l e s s c r  degree,  supply i s  smal le r  under t h e  p r e v a i l i n g  system of  d e t a i l e d  product ion 
r e g u l a t i o n  than under u n i t i z a t i o n .  

The s p e c i a l  income t a x  al lowances f o r  o i l  and gas  have a s i g n i f i c a n t  e f f e c t  on 
supply i n  t h e  development d e c i s i o n  per iod .  Rela t ive  t o  a s i t u a t i o n  of equal taxa-  
t i o n  of income from a l l  sources ,  they increase  t h e  ne t  r e c e i p t s  from e x t r a c t i o n  a t  
any g iven  p r i c e  l e v e l  and t h u s  i n c r e a s e  t h e  number of d i s c o v e r i e s  it i s  economical 
t o  develop a t  each expected p r i c e  l e v e l . 9  
per iod .  

C .  Supply i n  the e x p l o r a t i o n  d e c i s i o n  per iod .  A t  t h e  o u t s e t  of t h e  explora t ion  
d e c i s i o n  per iod,  opera tors  are  confronted with an a r r a y  of g e n e r a l  p rospec ts  of 
v a r i o u s  supposed q u a l i t i e s .  Knowledge of t h e s e  prospec ts  i s  g e n e r a l l y  a v a i l a b l e ;  no 
s i g n i f i c a n t  c o s t s  a re  sunk a t  the beginning o f  t h e  dec is ion  per iod .  The dec is ion  
before  opera tors  i s  t h e  r a t e  of investment i n  explora t ion  wi th  a view t o  making new 
d i s c o v e r i e s  a v a i l a b l e  f o r  development. 

p o i n t  where t h e  present  va lue  o f  t h e  expected increment t o  ne t  r e c e i p t s  from t h e  
l a s t  investment i s  j u s t  equa l  t o  t h e  a s s o c i a t e d  increment t o  t o t a l  investment ou t -  
l a y s .  The f a c t o r s  r e l e v a n t  t o  expected ne t  r e c e i p t s  from explora t ion  a r e  the same 
as those i n  t h e  development d e c i s i o n ,  except t h a t  expected development out lays  e n t e r  
as a d d i t i o n a l  negat ive arguments. The necessary increment t o  investment ou t lays  
r e f l e c t s  a c c e s s i b i l i t y  o f  p rospec ts ,  depth of promising formations and t h e  d i f f i c u l t y  
of d r i l l i n g  through in te rvening  formations.  

t a t i v e  d i s t r i b u t i o n  of a v a i l a b l e  prospec ts .  
u n l e s s  t h e  expected p r i c e  of o i l  and g a s  w i l l  cover expected explora t ion  p l u s  develop- 
meri tpks e x t r a c t i o n  c o s t s ,  while an a l ready  discovered depos i t  w i l l  be developed i f  
t h e  expected p r i c e  w i l l  cover only expected development p l u s  e x t r a c t i o n  c o s t s ,  the  
e l a s t i c i t y  of supply i n  t h e  e x p l o r a t i o n  dec is ion  per iod i s  g r e a t e r  than  t h a t  i n  t h e  
development dec is ion  per iod .  Whatever t h e  l e v e l  of demand i n  t h i s  longes t  of d e c i -  
s i o n  per iods ,  t h e  market-clear ing p r i c e  covers f u l l  c o s t s  o f  t h e  complete product ion 
cyc le .  

For  reasons i d e n t i c a l  wi th  t h o s e  given i n  t h e  d i s c u s s i o n  o f  t h e  development 
d e c i s i o n  per iod,  supply i n  the e x p l o r a t i o n  dec is ion  per iod i s  reduced by t h e  wastes 
of f r e e  competi t ive e x t r a c t i o n  and d e t a i l e d  product ion r e g u l a t i o n  r e l a t i v e  t o  
u n i t i z e d  opera t ion  of r e s e r v o i r s ;  and i s  increased  by the s p e c i a l  income t a x  al low- 
ances r e l a t i v e  to a s i t u a t i o n  o f  equal  t a x a t i o n  of income from a l l  sources .  

In  s h o r t ,  they i n c r e a s e  supply i n  t h i s  

A s  wi th  development, each o p e r a t o r  w i l l  push explora tory  investment t o  t h e  

The e l a s t i c i t y  o f  supply in  t h e  explora t ion  d e c i s i o n  per iod  r e f l e c t s  t h e  q u a l i -  
Since no prospect  w i l l  be  f u l l y  explored 

IV. The p r i c e  of  o i l  and gas i n  t h e  very  long  run 

o i l  and g a s  i n  large--even increasing--amounts, a t  some p o i n t  t h e  q u a l i t y  of re- 
maining explora tory  prospec ts  i n e v i t a b l y  begins  t o  d e c l i n e .  O i l  and g a s  must be 
searched f o r  i n  l e s s  a c c e s s i b l e  p laces ,  a t  g r e a t e r  depths ,  i n  l e a n e r  depos i t s .  The 
long-run supply thus  t e n d s  t o  d e c l i n e ,  and t h e  market-clear ing p r i c e  tends  t o  r i s e .  

A s  a country such a s  the United S t a t e s  cont inues t o  use domest ica l ly  produced 
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We have long s ince  passed t h e  poin t  of d e c l i n i n g  q u a l i t y  of p rospec ts  and have thus 
f a r  aver ted  r i s i n g  r e l a t i v e  p r i c e s  only through continued progress  i n  t h e  technology 
of f i n d i n g  and e x t r a c t i n g  o i l  and gas  and gradual  reduct ion  of t h e  wastes  of com- 
p e t i t i v e  e x t r a c t i o n .  

a s  it i s  were it  not  i n s u l a t e d  from f o r e i g n  competi t ion;  and t h e  volume of produc- 
t i o n  would not be as g r e a t  a s  it i s  a t  t h a t  p r i c e  were it  not f o r  t h e  s p e c i a l  
income t a x  allowances. The p r i c e  i s  no h igher  than  it i s  a t  l e a s t  p a r t l y  because 
a t  s l i g h t l y  h igher  p r i c e s  sha le  o i l  would make s i g n i f i c a n t  compet i t ive inroads i n t o  
crude o i l  markets. The p r i c e  of domest ical ly  produced gas  i s  f r e e r  o f  t h r e a t s  from 
f o r e i g n  sources  and s u b s t i t u t e s  bu t ,  assuming t h e  r e g u l a t o r y  a u t h o r i t i e s  w i l l  con- 
t i n u e  t o  permit increases  over time, it w i l l  not always be. Under t h e s e  circum- 
s t a n c e s ,  t h e  primary i s s u e  r a i s e d  by t h e  long-run supply of o i l  and gas  i s  not t h e  
course of p r i c e s  and the a v a i l a b i l i t y  of f u e l s ,  but r a t h e r  t h e  s u r v i v a l  of t h e  o i l  
and g a s  indus t ry  as  we know it. If supply decreases  w i t h  d e t e r i o r a t i n g  explora tory  
prospec ts ,  t h e  i n d u s t r y  must shr ink  accordingly.  

can a c c e l e r a t e  improvements i n  t h e  regula tory  system, moving i d e a l l y  toward universa l  
u n i t i z a t i o n  of  r e s e r v o i r s  and r e l a x a t i o n  of d e t a i l e d  formula r e g u l a t i o n s .  The po- 
t e n t i a l  c o s t  reduct ions  i n  t h i s  a r e a  may be a s  much a s  one- th i rd  t h e  going p r i c e .  
Second, the  indus t ry  can devote s t i l l  more e f f o r t  t o  technologica l  improvements. 
The a r e a s  o f f e r i n g  t h e  g r e a t e s t  scope f o r  improvement a r e  p r e d r i l l i n g  explora t ion  
technique,  d r i l l i n g  technique and recovery of o i l  i n  place.  The progress  a l ready  
made i n  t h e s e  a r e a s  g i v e s  reason f o r  hope t h a t  t h e  p r i c e  of o i l  and gas  may a c t u a l l y  
d e c l i n e ,  and t h e  i n d u s t r y  may renew its growth, i n  t h e  decades immediately ahead. 

Today, t h e  p r i c e  of crude o i l  i n  t h e  United S t a t e s  would not be near ly  a s  high 

There a r e  two l i n e s  of escape. F i r s t ,  t h e  i n d u s t r y  and i t s  l e g i s l a t i v e  f r i e n d s  

I 

Y 
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FOOTNOTES 

* 
1 

1. Under t h e  " r u l e  of c a p t u r e , "  an opera tor  i s  e n t i t l e d  t o  o i l  o r  g a s  produced 

The au thor  is P r o f e s s o r  of Economics a t  t h e  Univers i ty  of Texas. 

through w e l l s  loca ted  e n t i r e l y  on h i s  proper ty ,  even though t h e  minerals  may have 
migrated i n  response t o  g r a v i t y  o r  p r e s s u r e  d i f f e r e n t i a l  i n  t h e  n a t u r a l  r e s e r v o i r  
from t h e  proper ty  of o t h e r s .  
l a t i o n ,  obviously provides  i n c e n t i v e  f o r  r a p i d ,  compet i t ive e x p l o i t a t i o n  of a 
common r e s e r v o i r  by m u l t i p l e  l e a s e h o l d e r s .  

The r u l e ,  if unmodified by mutual agreement o r  regu-  

2. The condi t ion of many a c t u a l  and p o t e n t i a l  s e l l e r s  p r e v a i l s  i n  t h e  o i l  and 
g a s  i n d u s t r y .  Accordingly, f o r  purposes o f  this paper we ignore t h e  c h a r a c t e r i s t i c s  
o f  supply i n  i n d u s t r i e s  where this condi t ion  i s  absent .  

3 .  User c o s t s  r e f l e c t  consumption of c a p i t a l  r e s u l t i n g  from use, a s  d i s t i n -  
guished from mere passage of t ime.  

4. Depending upon t h e  e x a c t  s i t u a t i o n ,  some geophysical  t e s t i n g  may occur i n  
advance of l e a s i n g .  

5. American Petroleum I n s t i t u t e ,  Independent Petroleum Assn. of America, 
Mid-Continent O i l  and Gas Assn., J o i n t  Assoc ia t ion  Survey, 1960 (Dec. 1962). The 
Survey i n d i c a t e s  t h a t  e x p l o r a t i o n  c o s t s  a r e  c l o s e  t o  one-half of t o t a l  explora t ion  
and development out lays .  However, t h e  Survey 's  c o s t  c l a s s i f i c a t i o n  scheme ass igns  
a l l  d r y  h o l e  c o s t s  t o  explora t ion ,  even though about one-half o f  a l l  dry  holes  a r e  
d r i l l e d  i n  developing proven d i s c o v e r i e s .  

6. The use r  cost  terminology i s  based on Paul  Davidson, "Public Pol icy  Problems 
of t h e  Domestic Crude O i l  I n d u s t r y , "  American Economic Review, March 1963, pp. 91-96. 

7. T h i s  obviously leaves  t h e  market -c lear ing  p r i c e  indeterminate .  Presumably 
it is  s e t  by some p r i c e  l e a d e r  on the basis of average c o s t  p l u s  t a r g e t  p r o f i t .  
I r o n i c a l l y ,  average c o s t  v a r i e s  i n v e r s e l y  wi th  the volume o f  output permi t ted .  

8. F o r  a more d e t a i l e d  d i s c u s s i o n  of t h e s e  wastes ,  see  James W. McKie and 
Stephen L. McDonald, "Petroleum Conservat ion in  Theory and Prac t ice ,"  Quarter ly  
Journa l  of Economics, February 1962, pp. 98-121. 

9.  T h i s  i s  not t o  say that  t h e  allowances increase  t h e  number of d i scover ies  
i t  i s  economical t o  develop r e l a t i v e  t o  a s i t u a t i o n  of no income t a x e s  a t  a l l .  For 
d e t a i l e d  d iscuss ion  of t h e  e f f e c t s  of t h e  allowances, see Stephen L. McDonald, 
Federa l  Tax Treatment of  Income from O i l  and Gas (Washington: The Brookings 
I n s t i t u t i o n ,  1963). 


